To determine the accuracy of transvaginal 3D ultrasound scan (TV 3D US) in detecting partial septate uterus (PSU) in patients with recurrent pregnancy loss (RPL). Methods: This retrospective study included 113 patients with an initial diagnosis of unexplained RPL, who were subsequently found to have PSU on diagnostic hysteroscopy and who had TV 3D US prior to surgery. The diagnosis of PSU was made at the time of a diagnostic hysteroscopy based on ESHRE-ESGE classification of Müllerian anomalies. Based on hysteroscopic findings, patients were divided into two groups: those with PSU and a central point of indentation at an acute angle < 90°(PSUAA) [30.1%], and those who had PSU and a central point of indentation at an obtuse angle (PSUOA) [69.9%]. We compared the mean internal indentation length at the fundal midline (IILFM) in millimeters on TV 3D US and on diagnostic hysteroscopy. For the purpose of this study, a diagnosis of PSU on hysteroscopy was made if IILFM measured ≥ 10 mm. Results: The mean IILFM (mm) on hysteroscopy was significantly higher than the mean IILFM (mm) measured on TV 3D US in patients with PSUAA (18.5 ± 6.5 vs 4.9 ± 4.4; P < 0.001), in patients with PSUOA (14.1 ± 3.8 vs 4.3 ± 3.4; P < 0.001), and in the overall population (15.3 ± 5.1 vs 4.1 ± 4.4; P < 0.001). Conclusions: The data suggest that mean IILFM in patients with RPL and PSU can be underestimated on TV 3D US. Therefore, its diagnostic accuracy in such patients may need further evaluation.
Introduction
Unexplained factors account for more than 50% of the etiology of RPL [1, 2] . A large number of these patients are advised to keep trying, have IVF with pre-implantation genetic screening (PGS), or are referred for evaluation for immunological factors of RPL [3] . Such treatment options are expensive and may not be successful, especially if the actual underlying etiology is missed [3] . In addition, in patients with idiopathic RPL, the work by Murugappan et al. [4] suggested that expectant management of RPL is as successful as IVF-ET with PGS and had a lower median time to pregnancy [4] . However, one recent study reported a 41.1% incidence of abnormal embryonic karyotype in patients who had a negative work-up for RPL, suggesting the true incidence of unexplained RPL to be approximately 24.5% [5] . In addition, a recent study by Hodes-Wertz et al. [6] suggested that unexplained RPL is mostly caused by chromosomal abnormalities, with only a residual 6.9% miscarriage rate [6] .
The prevalence of uterine anomalies in patients with RPL when optimal tests, such as TV 3D US, are used has been estimated to be 13.3% [7] . Septate uterus is the most common anomaly in this population accounting for approximately 50% [7, 8] . Sugiura-Ogasawara et al. [5] suggested that major uterine anomalies have a negative impact on the reproductive outcome in patients with RPL [5] . Once such anomalies are discovered and surgically corrected, 70-80% of patients achieve a successful live birth [9] .
Current literature suggests high sensitivity and specificity of TV 3D US in the diagnosis of uterine septum in patients with RPL [10, 11] . On the other hand, in many parts of the world, especially in developing countries, TV 3D US is not commonly used during the work-up of patients with RPL. Instead, other radiological tests such as TV 2D US and hysterosalpingogram (HSG) are being used in screening for such anomalies. However, HSG can only detect significant fundal indentation, but it cannot differentiate between septate and bicornuate uterus. Similarly, TV 2D US can detect a significant endometrial separation in the transverse plane, but cannot differentiate between septate and bicornuate uterus. In addition, limited data published by our group suggest that HSG and TV 2D US are not accurate in detecting subtle fundal indentation in patients with RPL or infertility [12, 13] . Furthermore, some work by our group showed that even TV 3D US may not be accurate in detecting such subtle fundal indentation in patients with RPL or infertility [13] [14] [15] [16] . If a diagnosis of such uterine anomalies is missed by the abovementioned radiological tests, such patients may be categorized under unexplained RPL. Therefore, some investigators suggest that a diagnostic hysteroscopy should be part of the work-up of RPL, especially to rule out subtle uterine anomalies such as PSU [12] [13] [14] [15] [16] . The aim of this study is to compare the accuracy of detecting PSU in patients with unexplained RPL when using TV 3D US versus hysteroscopy. This was determined by comparing the internal indentation length at the fundal midline (IILFM) on TV 3D US to the actual length measured during a diagnostic hysteroscopy.
Materials and methods
This is a retrospective study of all patients who were found to have PSU on a diagnostic hysteroscopy performed, as part of their work-up for unexplained RPL, at our unit between January 1, 2008, and October 31, 2017. RPL was defined as two or more consecutive miscarriages. All patients in this study underwent a complete work-up for RPL. This work-up included extensive history, a thorough physical examination, and investigations to determine any structural genetic, endocrinologic, anatomic, immunologic, microbiologic, and inherited thrombophilic factors. We inquired about iatrogenic factors including a review of tobacco, alcohol, and caffeine use and a review of exposure to toxins and chemicals. Uterine factors were evaluated with transvaginal 3D US with and without saline sonohysterogram and diagnostic hysteroscopy. A limited immunologic work-up including lupus anticoagulant antibodies, anticardiolipin antibodies (IgG/IgM), and B2-glycoprotein-1 antibodies (IgG/IgM) was done. A thrombophilia profile including factor V Leiden, prothrombin gene, fasting homocysteine, antithrombin activity, protein C activity, and protein S activity was ordered. Work-up for endocrine factors included thyroid-stimulating hormone, prolactin, and fasting insulin and glucose levels. Serum follicle-stimulating hormone, luteinizing hormone was ordered. Tests for parental structural chromosome rearrangement and cervical/vaginal cultures were done. The majority of these patients also complained of secondary infertility. The study received an exemption from the Institutional Review Board at Hurley Medical Center, Flint, Michigan. The inclusion criterion was to have undergone a TV 3D US prior to a diagnostic hysteroscopy, both done at our unit. Patients who had associated uterine fibroids, endometrial polyps, or intrauterine scar tissue and those with complete septum were excluded. Also, all patients who were found to have an underlying etiology for their RPL were excluded from this study. The study included 113 patients who fulfilled such inclusion criteria whose work-up suggested unexplained RPL and who were found to have PSU on hysteroscopy.
A diagnostic hysteroscopy was performed under modified general anesthesia at the mid-follicular phase of the menstrual cycle or while the patient was on oral contraceptives. Medications commonly used included Propofol, Versed, and Fentanyl. Hysteroscopy combined with a laparoscopic procedure were performed under general endotracheal anesthesia. All hysteroscopies were performed by one surgeon (MIA). An ACMI hysteroscope (Division of Olympus; Maple Grove, MN, USA) was used in all patients. Normal saline was used as a distension medium during the initial diagnostic hysteroscopy. Once the diagnosis of PSU was made, Glycine 1.5% was used and hysteroscopic division of the septum was performed at the same setting as described before [17] . At the time of diagnostic hysteroscopy, the type of uterine anomaly was documented and described according to ASRM classification [18]. The population was classified based on hysteroscopic findings into patients with incomplete uterine septum (34 patients, 30.1%) [Class Vb] and those with significant arcuate uterine anomaly (79 patients, 69.9%) [Class VI]. For the purpose of this study, a diagnosis of an incomplete uterine septum was made, if the central point of indentation was at an acute angle (< 90°), did not reach to the region of the internal or external cervical os, and the IILFM measured ≥ 10 mm, while if the central point of indentation was at obtuse angle (> 90°) and the IILFM was ≥ 10 mm, the diagnosis of a significant arcuate uterine anomaly was made [19] . In 2013, a new classification of Müllerian anomalies was proposed by the European Society of Human Reproduction and Embryology and the European Society for Gynecological Endoscopy (ESHRE-ESGE) [20] . In this classification, the definition of PSU is made if there is an IILFM > 50% of myometrial wall thickness in the fundal region irrespective of the appearance of the central point of indentation [20] . It is now acknowledged by many practitioners that the ESHRE-ESGE classification is more useful in clinical practice than the American Society of Reproductive Medicine (ASRM) classification. Therefore, we re-classified the population in our study according to the ESHRE-ESGE classification. In doing so, all patients with incomplete uterine septum or significant arcuate uterine anomaly were re-named PSU. The population was classified based on hysteroscopic findings into patients who have PSU with the central point of indentation at an acute angle < 90°(PSUAA) [34 patients, 30 .1%] and those who have PSU with the central point of indentation at an obtuse angle (PSUOA) [79 patients, 69.9%].
All patients in our study underwent a diagnostic hysteroscopy as part of the work-up for RPL. If PSU was suspected, the actual internal indentation length at fundal midline (IILFM) was measured indirectly at the time of diagnostic hysteroscopy by advancing a straight loop electrode on one side of the internal indentation up to the tubal ostium. The IILFM was then indirectly calculated to be approximately 60% of that length (according to Pythagorean Theorem in Mathematics). The actual internal indentation length at fundal midline was measured directly after the septum was divided by comparing its length to the length of the black cutting metal wire (5 mm) and yellow insulator portion (10 mm) of the straight resectoscope loop electrode of the ACMI hysteroscope ( Fig. 1, Fig. 2 ) [17] . In our study, we used the data of the direct measurement of IILFM as all patients underwent septum division at the same setting.
Before hysteroscopy, an initial TV 2D US assessment of the pelvis was performed, as part of RPL work-up, to determine the presence of any adnexal pathology such as endometrioma, hydrosalpinx, or any uterine pathology, such as uterine fibroid and endometrial polyps. This was followed by a TV 3D US utilizing a Medison Sonace 8000 US machine (Medison, Seoul 135-280, Korea) and an endocavitary probe RIC5-9H 5-9 MHz. The uterus was then visualized by TV 3D US in a strict mid-sagittal view, adjusting the capture window to obtain the optimal 3D US volume. The 3D US volume was then obtained, using the automatic sweep of the mechanical transducer, at angle of 90°from one side of the uterus to the other, bisecting the capture plane. If there was any doubt about the quality or completeness of the TV 3D US volume, the acquisition was repeated. The dataset was then stored to the hard drive of the ultrasound machine. The dataset was adjusted to ensure that the endometrium was evident in the three planes, the fundal aspect of the uterus and the endometrial cavity were demonstrable in the coronal plane, and the interstitial portions of both fallopian tubes were displayed simultaneously. This enabled us to assess the uterine morphology and shape of the uterine cavity in the coronal plane. Any internal indentation in the endometrial cavity was calculated on TV 3D US. This involved measuring the distance from the midpoint of the line joining the internal tubal ostia and the bottom of indentation of the cavity (Fig. 3a and Fig. 4a with their corresponding hysteroscopic appearance, Fig. 3b and Fig. 4b ). Based on IILFM on TV 3D US, the patients were divided into four subgroups. The IILFM of subgroups 1, 2, 3, and 4 were 0.00 mm, 1-4.9 mm, 5-9.9 mm, and ≥ 10 mm respectively. We compared the IILFM on hysteroscopy to the IILFM on TV 3D US in patients with PSUAA, with PSUOA, and in the overall population. We also calculated the incidence of all subgroups (1) (2) (3) (4) in patients with PSUAA, with PSUOA, and in the overall population. Statistical analysis was performed using Student's paired t test, chi-square analysis, and correlation analysis where appropriate. Fig. 1 The length of various parts of the straight resectoscope loop electrode of the ACMI hysteroscope that was used to measure IILFM. The black cutting metal wire of the straight resectoscope loop electrode is 5 mm in length (blue arrow), while the yellow insulating portion of the resectoscope loop is 10 mm in length (black arrow) Table 1 summarizes background details ( Table 1) . The majority of patients (93.8%) presented with secondary infertility in addition to RPL. The mean IILFM measured in millimeters on hysteroscopy was significantly higher than the IILFM measured on TV 3D US, in patients with PSUAA (18.5 ± 6.5 vs 6.3 ± 6.3; P < 0.001), in patients with PSUOA (14.1 ± 3.8 vs 4.3 ± 3.4; P < 0.001), and in the overall population (15.3 ± 5.1 vs 4.9 ± 4.4; P < 0.001) [ Fig. 5 ]. A correlation analysis between the findings on hysteroscopy and the findings on TV 3D US revealed a moderate correlation for PSUAA (r = 0.596, P = 0.001), a weak correlation for patients with PSUOA (r = 0.279, P = 0.016), and a moderate correlation for the overall population (r = 0.481, P < 0.001). Table 2 illustrates the incidence of four subgroups (1-4) based on the IILFM on TV 3D US in patients with PSUAA, with PSUOA, and in the overall population with IILFM ≥ 10 mm on hysteroscopy ( Table 2 ). There was no evidence of any IILFM (0.00 mm) on TV 3D US Fig. 2 How a straight resectoscope loop electrode was used to directly measure the IILFM (blue arrow is pointed to the metal electrode, 5 mm in length) (black arrow is pointed to the yellow insulator, 10 mm in length) Fig. 3 a How the IILFM was calculated on TV 3D US by measuring the distance from the midpoint of the line joining the internal tubal ostia and the central point of indentation in a patient with a PSUAA. b The corresponding hysteroscopic appearance of the uterine fundus of the patient with PSUAA whose TV 3D US is illustrated in a There is a statistically significant difference in proportion of PSUAA (20.6%) and PSUOA (44.3%) in subgroup 3 (IILFM between 5 and 9.9 mm) [P < 0.01]. Also, there is a statistically significant difference in proportion of PSUAA (35.8%) and PSUOA (11.4%) in subgroup 4 (10 or greater) [P < 0.01]. Most PSUOA found (88.6%) were less than 10 mm compared to 64.7% of PSUAA found ( Table 2 ).
Results

Discussion
Uterine septum accounts for approximately 13.3% of causes of RPL [7] . Hysteroscopic surgical correction of such anomalies has proven to be very successful in achieving live birth in these patients, albeit there is no prospective randomized controlled study to prove this notion until now [9] . The data in this study suggest that in many patients with RPL, who were thought to have unexplained factors, such anomalies were not identified by TV 3D US. The latter has been used as the gold standard for diagnosis of such anomalies [10, 11] . A negative TV 3D US in patients with RPL, in the absence of any other cause of RPL, places these patients in the category of unexplained RPL. Many of such patients are offered IVF-ET with PGS, referred to a reproductive immunology unit, or are encouraged to keep trying to conceive on their own [3] . On the other hand, our data suggest that a diagnostic hysteroscopy by an experienced reproductive surgeon may help in detecting PSU in some patients with RPL with less conclusive findings on TV 3D US. Therefore, we suggest that it should be a part of routine work-up for RPL after a TV 3D US is done, even if the latter was negative for PSU.
Diagnostic hysteroscopy alone, without laparoscopy for evaluation of the external contour of the uterus, cannot differentiate between septate and bicornuate uterus and should only be performed after TV 3D US is done in such patients, especially if one is planning to proceed with operative hysteroscopy at the same setting. In addition, it should be emphasized that TV 3D US is an essential part of work-up of RPL. Its role is imperative, especially when combined with SIH, in the diagnosis of submucosal fibroid, endometrial polyps and partial intrauterine scar tissue, uterine septum, PSUAA, and PSUOA. It also allows one to plan the proper surgical procedures in patients with these pathologies. As an example, in patient with uterine septum undergoing hysteroscopic correction, it allows for measurement of the width of the septum and the thickness of the myometrium in the fundal region, which makes division of the septum a safer procedure. Therefore, in patients with RPL, we advocate the use of TV 3D US in screening for PSU, and we strongly suggest to proceed with a diagnostic hysteroscopy to confirm the diagnosis, even if IILFM appears to be insignificant or there is no evidence of any IILFM on TV 3D US.
The notion that some patients who are classified as having unexplained RPL may, in fact, have some subtle PSU, should be entertained based on the data presented in our study, and also in view of the fact that more than 50% of patients with RPL can subsequently have a live birth. It has been illustrated before that many patients with uterine anomalies, even those with a septate uterus, may still have live birth [21] . Such variable reproductive outcomes, miscarriage versus live birth, in these patients, depend on the location of the placenta in relation to the uterine septum [22, 23] . Miscarriage is more likely to happen if the placenta is located on the uterine septum, while live birth can occur when the placenta is located on the anterior, posterior, or lateral uterine walls [22, 23] . This is the first study to suggest, that in patients with unexplained RPL, TV 3D US is not totally accurate in measuring IILFM of PSUAA or PSUOA, when compared to a diagnostic hysteroscopy. Measurement on TV 3D US consistently underestimated the IILFM compared to the actual measurement on diagnostic hysteroscopy. In turn, our data suggest that there may be an element of uterine factor in some patients with unexplained RPL that goes undiagnosed if one relies only on TV 3 D US. It is not clear as to why the measurement of IILFM of PSUAA and PSUOA on TV 3D US is not accurate. However, volume transvaginal ultrasound pictures are computer generated, and therefore, it is possible that the IILFM in the generated pictures is not accurate.
Published data in the literature suggest that TV 3D US is the gold standard for the diagnosis of PSU, with a high degree of sensitivity and specificity [10, 11, 24] . However, Moini et al. [25] compared the findings on TV 3D US to hysteroscopy and laparoscopy in patients with suspected uterine septum and reported that TV 3D US was more accurate in septate uterus and less accurate in PSU [25] . The latter findings are similar to those in our study. Few studies suggested that TV 3D US is accurate in diagnosis of PSU based on comparison with the findings on office hysteroscopy [10, 26, 27] . However, other investigators suggested that the reproducibility of diagnosing intrauterine abnormalities through office hysteroscopy appeared to be disappointing [28] [29] [30] . In addition, a recent video abstract suggested that even a diagnostic hysteroscopy, performed under modified general anesthesia, can miss the diagnosis of such anomalies if uterine distension is suboptimal [31] . The latter commonly happens during office hysteroscopy to avoid patients' discomfort [29, 30, 32] .
It is important to discuss our findings in context with ESHRE/ESGE classification [20] . This new classification has been criticized for leading to over diagnosis that may lead to over treatment [33] . A recent publication suggested the ESHRE-ESGE cutoff value overestimates the prevalence of PSU, while that of ASRM underestimates its prevalence, leaving in the gray zone most of the uteri that experts considered as partial septate [33, 34] . The authors of this report recommended considering indentation depth ≥ 10 mm as PSU, and this criterion is in agreement with expert opinion [33] . This is the IILFM that we used to define the presence of PSU on hysteroscopy in our study [33] . We would like to stress that the IILFM that we utilized (≥ 10 mm) was an arbitrary cutoff value that we chose, which happened to be in agreement with expert opinion [33] .
In a prospective study of patients with recurrent pregnancy loss, who were suspected to have septate, and PSU, TV 3D US was extremely accurate in making the diagnosis of such anomalies, as confirmed on subsequent diagnostic hysteroscopy and laparoscopy [10] . In the same study, the authors reported that a negative study on TV 3D US was also accurate in ruling out such anomalies as confirmed on subsequent office hysteroscopy [10] . In contrast, 27.4% of the patients in our study were found to have no evidence of any internal indentation on TV 3D US (0.00 mm) [subgroup1]. Therefore, our findings are not in agreement with those of Ghi et al. [10] . If the recommendation by Ghi et al. [10] is followed, 27.4% of the patients in our study (subgroup 1) would have been considered to have no PSU based on TV 3D US [10] . In addition, another 16.8% of the patients in our study with IILFM of 1-4.9 mm (subgroup 2) would have also been considered normal with respect to such uterine anomaly based on TV 3D US. Furthermore, an additional 37.2% of the patients in our study with IILFM of 5-9.9 mm (subgroup 3) would also have been considered a variant of normal based on TV 3D US. This group of patients (subgroup 3) with IILFM of 5-9.9 mm on TV 3D US would have been considered to have insignificant IILFM, irrespective of the appearance of the central point of indentation (acute angle < 90°as in PSUAA or obtuse angle > 90°as in PSUOA) according to recent ASRM guidelines [34] . In such patients, a hysteroscopy would not be recommended and, in turn, the diagnosis would have been missed. It is worth noting that even if the new classification of ESHRE/ESGE regarding uterine septum (IILFM ≥ 50% of myometrial thickness), without our modification of the criteria (IILFM > 10 mm), was used in our study, only 55.8% of the patients (subgroup 3 and subgroup 4) would have been suspected to have PSU [20] .
Our study has its limitations. First, it is a retrospective study with all the limitations related to this design. Another limitation is the fact that the technique used to measure IILFM has not been validated, and it may not be perfectly accurate. However, to our knowledge, the technique described in this manuscript is the first attempt at measuring IILFM during diagnostic and operative hysteroscopy using a straight loop electrode. Therefore, prospective studies by other investigators are needed to validate this technique of measurement of IILFM. In future studies, the use of a novel graduated intrauterine palpator described recently by Di Spiezio Sardo et al. [35] can enhance the accuracy of measurement of IILFM on hysteroscopy [35] . The strength of this study stems from the fact that all the data is from one center, which eliminates variability in diagnostic measures by the operators.
Conclusion
Data in this study suggest that in patients with unexplained RPL, who were found to have PSU on hysteroscopy, IILFM can be underestimated on TV 3D US. We suggest that such patient should undergo further evaluation of the endometrial cavity with a diagnostic hysteroscopy to determine if they have PSU. Our findings may have tremendous implications in management of patients with unexplained RPL. Additional prospective studies are needed to confirm our findings.9
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